On summer rice, foliar spray was applied thrice at different concentrations (0, 2.5, 5.0, 7.5, 10.0 and 15.0%, v/v) of seaweed extracts (namely, Kappaphycus sp. and Gracilaria sp.) along with the recommended dose of fertilizer (RDF). The highest grain yield was recorded with the applications of 15% Kappaphykus sap + RDF, followed by 15% Gracilaria sap + RDF extract resulting in 41.47 and 34.99% increases, respectively compared to the control. The maximum straw yield was also achieved with 15% seaweed extract application. Improved nutrient uptake (N, P and K) was also observed with seaweed extract applications.
Introduction
Nationwide, the need for N, P and K fertilizers increased from 96,116 tons in 2006 to 739,271 tons in 2007 (Pusri 2008) . The increase tends to be caused by the dosage increase of fertilizer used in per unit area. Facts show that farmers use about 150 -200 kg of urea/hectare of rice, and about 200 -250 kg/hectare to plant vegetables and fruits. This condition certainly not only increases production costs, but also reduces soil fertility vis-à-vis soil health and causes environmental pollution. Ironically, the increase in fertilizer costs, coupled with a variety of economic losses due to excessive fertilizer application, is not followed with the increase in farmers' income. Therefore, the efforts to maximize the absorption of nutrients by spraying extracts of natural products that contain stimulants, is a strategic move to overcome the ill effects of the use of excessive doses of inorganic fertilizer. Results of previous studies reported that some liquid fertilizer products made from raw seaweeds are proven to increase the absorption of nutrients, which can enhance growth, development and production of various species of agricultural crops (Tay et al. 1987, Hankins and Hockey 1990) . However, there is insufficient information on the effect of tropical water seaweed extract on the growth and yield of rice. Given the aforementioned facts, the study aims to determine the effect of several types of seaweed extracts on growth and yield of rice.
Materials and Methods
The field experiment was conducted during the rabi season of 2010-11 and 2011-12 on inceptisol at Bankapasi village, Bardhaman. The soil of the site was sandy clay loam with pH 6.50, organic carbon 0.51%, total nitrogen 0.057%, available P 2 O 5 24.89 kg/ha and available K 2 O 158.13 kg/ha. The climate of the region is humid subtropical. The experimental site is located at 23° 35′ N and 88° 01′ E. The experiment comprised ten treatments, viz., T 1 -2.5% Kappaphycussap + RDF, T 2 -5% Kappaphycus-sap + RDF, T 3 -10% Kappaphycus-sap + RDF, T 4 -15% Kappaphycus-sap + RDF, T 5 -2.5% Gracilaria-sap + RDF, T 6 -5% Gracilaria-sap + RDF, T 7 -10% Gracilaria-sap + RDF, T 8 -15% Gracilaria-sap + RDF, T 9 -RDF + Water spray and T 10 -7.5% Kappaphycus-sap + 50% RDF in RBD design replicated thrice. Three sprays of Kappaphycus and Gracilaria extract were applied. For proper adherence, extracts were mixed with with proper surfactant. The total spray volume was 650 l/ha in each application. Data were taken through random sampling at 30, 45, 60 and 75 DAT to measure plant height, dry matter accumulation, no. of tillers/m 2 and leaf area index. Data on yield attributes were taken randomly before harvesting. At maturity, rice grain and straw samples were collected from each plot, ovendried at 70°C to constant weight and ground to pass through a 0.5 mm sieve for chemical analysis. The N content was determined by the semi-micro Kjeldahl method [AOAC International, 1995, method No. Ba 4b-87(90) ], after the plant tissues (0.2 g) were oxidized and decomposed by concentrated sulphuric acid (10 ml) with digestion mixture (K 2 SO 4 : CuSO 4 = 5 : 1) heated at 400°C for two and a half hours. P content was determined by the vanado-molybdate yellow method (Jackson 1973) , K content by flame photometry (Jackson 1973) . Uptake of nutrient (kg/ha) by rice grain and straw was calculated by multiplying the percentage of concentration of concerned nutrient of rice grain and straw with the respective grain and straw yield (kg/ha) [Nutrient uptake (kg/ha) = Nutrient Concentration (%) × Yield (kg/ha)]. Data were analysed using ANOVA following RBD (Gomez and Gomez 1984) . Differences were considered significant at 5% level of probability.
Results and Discussion
Observations on growth attributes viz., plant height, number of tillers/m 2 and dry matter production were recorded at different DAT. Response of vegetative growth of rice was found to be increased following seaweed extract spray compared to control treatment. These increments were again enhanced and significant when higher sap concentrations were used (Table 1) . Maximum plant height, LAI and dry matter production were recorded with 15% Kappaphycus-sap + RDF (T 4 ) which was statistically at par with 15% Gracilaria-sap + RDF (T 8 ). Control (water spray along with RDF) recorded the lowest plant height and dry matter production. In case of number of tillers/m 2 , 15% Kappaphycus-sap + RDF (T 4 ) showed the best result at different DAT over all other treatments. Seaweed extract increased total fresh matter production of cereal maize seedlings by 15 -25% over the control as observed by Jeannin et al. (1991) when Goemar GA 14 was applied as a foliar spray.
Total yield may be considered to be the mirror of all growth features. Spraying of Kappaphycus extract at the rate of 15% thrice along with RDF recorded highest yield attributes viz., number of panicles/m 2 (507.60), filled grains/panicle (143.83), panicle length (28.97 cm) and 1000 grain weight (21.23 g) and thereby highest grain yield (6.55 t/ha) and straw yield (8.25 t/ha) followed by spraying of 15% Gracilaria -sap along with RDF (Table 3) . Spraying of 15% Kappaphycus -sap thrice recorded 41.37% higher grain yield and 53.66% higher straw yield when compared to control ( Table 2 ). The treatment T 8 i.e. 15% Gracilaria -sap + RDF and T 3 i.e. 10% Kappaphycus -sap + RDF also exhibited promising increase in grain and straw yield over control. The highest grain and straw yield were concomitant with using the higher level of seaweed extract as the best treatment, which significantly overcome control treatment. Such increment might be due to the fact that seaweed extract is a biostimulant, which provide the rice plant with micro, macro nutrients and significant amounts of cytokinins, auxins and betaines (Blunden 1991) ultimately increasing the chlorophyll production by boosting the photosynthetic process, thereby stimulating vegetative growth. Thus, an overall plant performance would be enhanced accordingly and finally reflecting through an escalated productivity. However, these results agree with those of Blunden and Wildgoose (1977) The use of the seaweed extracts increased significantly N, P and K uptake by grains at higher concentrations (10% and above) and reached maximum at 15% seaweed extract compared with control (Table 3) . The highest N and P uptake by grain was recorded with the 15% Kappaphycussap + RDF which was statistically at par with 15% Gracilaria -sap + RDF and 10% Kappaphycus-sap + RDF. 15% Kappaphycus-sap + RDF showed maximum uptake of P by grain which shows no significant difference with 15% Gracilaria-sap + RDF. 7.5% and above concentration of Kappaphycus-sap and 15 % Gracilaria-sap gave significant increase of N and P uptake by rice straw over control and other treatments. Whereas 15% Kappaphycus-sap + RDF showed the maximum uptake of P by straw and this treatment was statistically at par with the treatment T 8 . These results confirm those previously reported by Crouch et al. (1990) who noted increased uptake of Mg, K and Ca in lettuce with seaweed concentrate application. Turan and Köse (2004) , Nelson and Van Staden (1984) , and Mancuso et al. (2006) also observed increased uptake of N, P, K and Mg in grapevines and cucumber with the application of seaweed extract. The presence of marine bioactive substances in seaweed extract improves stomata uptake efficiency in the treated plants compared to the non-treated plants (Mancuso et al. 2006) . Thus it can be concluded that the seaweed extracts are effective in increasing the growth parameters, yield attributes and yield of rice. The saps also enhance nutrient uptake by this crop. Presence of microelements and plant growth regulators, especially cytokinins in Kappaphycus and Gracilaria extracts is responsible for the increased yield and improved nutrition of rice receiving foliar application of the aforesaid two saps.
